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Preface 


This  provenance  study  is  one  of  a  dozen  ex- 
perimental plantations  of  various  tree  species  es- 
tablished on  the  Horning  State  Farm  near  Platts- 
mouth,  Nebraska,  which  is  administered  by  the 
Department  of  Forestry  of  the  University  of  Ne- 
braska. The  USDA  Forest  Service,  through  its 
Rocky  Mountain  Forest  and  Range  Experiment 
Station  Research  Work  Unit  at  Lincoln,  cooper- 
ates with  the  Nebraska  Agricultural  Experiment 
Station  in  research  conducted  on  this  experi- 
mental area. 

The  specific  purpose  of  this  work  is  to  find 
and  develop  better  adapted  trees  for  use  in  all 
kinds  of  plantings,  environmental  and  commer- 
cial, throughout  Nebraska  and  the  Central  Plains. 
Such  provenance  studies  of  different  species  pro- 
vide plants  of  known  origin  for  evaluation  of 


adaptability  and  genetic  variation,  and  for  selec- 
tion, propagation,  and  breeding  for  resistance  to 
disease  and  insect  pests.  Studies  have  been  re- 
ported in  publications  listed  below. 

The  diversity  of  tree  planting  materials  under 
study  at  this  and  many  other  locations  in  the 
Plains  was  made  possible  through  cooperation  in 
a  Regional  Tree  Improvement  Project  (NC-99,  for- 
merly NC-51)  of  the  North  Central  States  Agricul- 
tural Experiment  Stations. 

Credits  are  due  Jonathan  W.  Wright,  Profes- 
sor of  Forestry,  Michigan  State  University,  for 
initiating  the  Regional  study  and  providing  the 
planting  stock,  and  to  Walter  T.  Bagley,  Asso- 
ciate Professor  of  Forestry,  University  of  Ne- 
braska, for  cooperation  in  planting  and  mainte- 
nance of  the  plantations. 
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DOUGLAS-FIR  IN  EASTERN  NEBRASKA: 
A  Provenance  Study 


Ralph  A.  Read  and  John  A.  Sprackling 


Douglas-fir  (Pseudotsuga  menziesii^  (Mirb.) 
Franco)  is  the  most  important  commercial  timber 
tree  in  the  United  States.  The  species  has  been  in- 
troduced in  many  countries  around  the  world  for 
its  exceptional  commercial  value.  In  the  Great 
Plains,  however,  Douglas-fir  is  not  planted  for 
timber  purposes,  but  as  a  tree  for  the  ameliora- 
tion of  environment  and  for  use  as  Christmas 
trees.  The  Great  Plains  region  of  North  America 
needs  conifers  for  protection  and  for  ornamental 
purposes.  If  seed  sources  are  carefully  chosen, 
Douglas-fir  trees  can  help  fulfill  these  needs  in  se- 
lected locations.  This  study  is  one  of  a  number  of 
provenance  tests  of  various  conifers,  whose  objec- 
tive is  to  identify  better-adapted  seed  origins  of 
trees  for  planting  in  the  central  Great  Plains. 

Past  Research 

Douglas-fir  has  been  successfully  introduced 
in  Europe.  The  interior  (Rocky  Mountain)  variety 
has  been  planted  in  mountainous  areas  with  se- 
vere climates;  the  Coastal  form  has  been  restrict- 
ed to  milder  climates  of  England  and  parts  of  Ger- 
many (Frothingham  1909).  In  the  United  States, 
rangewide  provenance  tests  east  of  the  Rocky 
Mountains  have  consistently  revealed  that  West 
Coast  origins  are  highly  susceptible  to  winter 
damage,  and  that  southern  Rocky  Mountain  ori- 
gins grow  fastest. 

Natural  stands  of  Douglas-fir  (fig.  1)  extend 
along  the  Pacific  Coast  eastward  to  the  Cascade 
Mountains,  from  western  British  Columbia  to 
central  California  (var.  menziesii),  and  along  both 
sides  of  the  Rocky  Mountain  Continental  Divide 
from  central  British  Columbia  and  Alberta  into 
Mexico  (var.  glauca)  (Little  1971). 

Other  geographic  delineations  within  the  spe- 
cies have  been  recognized,  but  there  is  some  lack 
of  agreement  on  them.  Frothingham  (1909)  in  an 
early  report,  divided  the  range  into  five  silvical  re- 
gions: (1)  North  Coast,  (2)  Sierra,  (3)  Northern 
Rockies,  (4)  Central  Rockies,  and  (5)  Southern 
Rockies.  The  first  two  of  these  comprise  the  area 
supporting  the  form  known  as  var.  menziesii,  and 
the  other  three  are  in  the  regions  where  var. 
glauca  is  found. 


Heit  (1969)  prefers  to  recognize  three  forms  of 
Douglas-fir,  based  upon  nursery  studies  of  seed- 
lings from  rangewide  sources:  (1)  Pacific  Coast 
form  viridis,  same  as  var.  menziesii  west  of  the 
Cascades;  (2)  the  continental  inland  form  caesia 
and  caesia-glauca  mixtures  in  the  northern  Rocky 
Mountains;  and  (3)  form  glauca  in  the  central  and 
southern  Rocky  Mountains. 

Wright  et  al.  (1971),  in  a  rangewide  study,  de- 
lineated 8  to  10  geographic  areas  based  on  perform- 
ance of  seedlings  in  a  Michigan  nursery .  and  on 
subsequent  performance  in  3-  to  8-year-old  prove- 
nance plantations  in  Michigan  and  Nebraska. 
Some  of  his  groups  were  very  similar  to  Frothing- 
ham's  pattern,  while  others  were  not.  In  Wright's 
tests,  Arizona  and  New  Mexico  sources  grew  tall- 
est and  had  bluer  foliage  than  other  sources  at  7 
years  of  age,  but  these  fast-growing  origins  were 
also  damaged  by  winter  cold  in  the  Michigan 
plantings.  Origins  of  var.  menziesii  from  west  of 
the  Cascades  suffered  extreme  winter  injury,  and 
many  of  them  died  in  the  nursery. 

Heit  (1969)  found  that,  of  11  interior  origins 
tested  in  his  New  York  nursery,  those  from  the 
Coconino  National  Forest  in  Arizona  and  the  Car- 
son National  Forest  in  New  Mexico  grew  fastest 
and  had  the  bluest  foliage.  A  Montana  origin  from 
the  Lewis  and  Clark  National  Forest  grew  slow- 
est, while  Colorado  origins  were  intermediate.  He 
concluded  that  southern  origins  grew  later  into 
the  summer  when  annual  growth  ceased  for  oth- 
ers, and  that  frost  damage  to  these  origins  was 
light  and  temporary. 

A  Pennsylvania  test  of  19  origins  from  the 
Pacific  Coast  to  the  Rockies  (Byrnes  et  al.  1958) 
resulted  in  55  percent  mortality  for  western 
Washington  and  Oregon  origins,  compared  to  21 
percent  for  those  from  Colorado  and  New  Mexico. 
Yet,  growth  rates  of  surviving  Pacific  Northwest 
trees  slightly  exceeded  interior  origins.  Late 
spring  frosts  damaged  southern  and  northern  in- 
terior origins,  but  they  recovered  rapidly  and 
grew  well.  In  contrast,  54  percent  of  the  Pacific 
Northwest  trees  suffered  winter  injury  compared 
to  only  5  to  9  percent  of  interior  origins. 

Gerhold  (1966)  tested  67  of  Wright's  origins 
in  a  nursery  near  Potters  Mills,  Pennsylvania. 
West  Coast  origins  were  severely  damaged  by 
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Figure  1.— Natural  distribution  of  Douglas-fir,  and  provenances  tested  in  eastern  Nebraska.  Origin  numbers  denote  those 

that  survived;  black  circles,  those  that  died  in  first  3  years. 
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winter  cold,  but  the  survivors  were  tallest  of  all 
origins  at  age  3.  As  in  Wright's  study,  the  Ari- 
zona and  New  Mexico  origins  outgrew  other  in- 
terior origins,  but  suffered  more  winter  injury. 

The  performance  of  Douglas-fir  origins  in 
eastern  Nebraska  reported  here  updates  the  first 
report  by  Wright  et  al.  (1971).  The  55  origins  test- 
ed in  Nebraska  have  had  6  additional  years' 
growth,  and  we  have  new  information  on  spring 
growth  flushing,  winter  damage  to  terminals, 
needle  lengths,  and  cone  production. 

Materials  and  Methods 

Seeds  were  collected  by  U.S.  Forest  Service 
and  other  personnel  from  128  natural  stands 
throughout  the  range  of  the  species  in  United 
States  and  Canada.  These  seeds  were  sown  in 
spring  1962  under  the  direction  of  Jonathan 
Wright  in  a  Michigan  State  University  nursery 
near  East  Lansing.  One  year  later,  30  to  60  seed- 
lings each  of  55  origins  (table  1)  were  sent  via  air 
freight  to  Lincoln,  Nebraska,  where  they  were 
lined-out  in  holding  beds  on  the  East  Campus  of 
the  University.  In  spring  1964,  the  1  +  1  seedlings 
were  dug,  potted,  and  lined-out  again  at  the  same 
location  to  increase  size  for  field  planting. 

In  spring  1965,  they  were  field  planted  as 
1  +  1  +  1  stock  at  the  Horning  State  Farm  near 
Plattsmouth,  Nebraska.  The  plantation  is  located 
on  a  ridgetop  of  silt  loam  soil  derived  from  loess, 
at  41°  north  latitude,  96°  west  longitude,  and 
1,100  feet  (335  m)  elevation.  The  growing  season 
averages  170  days,  and  mean  annual  precipitation 
is  30  inches  (76  cm),  of  which  75  percent  falls  dur- 
ing the  growing  season.  Seedlings  were  planted  in 
one-tree  randomized  plots  spaced  12  feet  (3.6  m) 
apart,  in  rows  12  feet  apart.  Eastern  redcedar 
{Juniperus  virginiana  L.)  fillers  were  planted  for 
early  protection  between  each  Douglas-fir  in  the 
rows  (but  not  between  rows),  to  give  a  spacing  of  6 
by  12  feet  (1.8  by  3.6  m). 

The  site  was  cultivated  1  year  before  plant- 
ing. Simazine  80W  at  4  pounds  per  acre  was 
sprayed  on  both  sides  of  each  tree  row  after  plant- 
ing to  control  weeds,  and  once  each  spring  for  5 
years  thereafter.  The  plantation  was  mowed  be- 
tween rows  during  the  growing  season.  Dead 
trees  were  replaced  with  extra  trees  and  by  con- 
solidating the  plantation  into  five  rows  in  1966. 
The  trees  were  checked  several  times  each  year 
for  insects,  diseases,  and  other  injury.  Heights 
were  measured  annually  from  1966,  except  for 
1972.  The  juniper  fillers  were  removed  in  spring 
1974  to  prevent  crowding. 

Trees  were  rated  on  two  dates  in  spring  1974, 
four  dates  in  spring  1975,  and  once  in  spring  1976 
as  to  the  developmental  stage  of  buds,  and 
growth  of  new  shoots  and  needles.  An  estimate  of 


the  sequence  in  which  the  different  origins  start 
spring  growth  was  obtained  by  rating  each  tree 
on  a  scale  of  1  to  5.  The  number  scale  corre- 
sponded to  five  stages  of  development,  ranging 
from  dormant  buds  (no  growth)  to  well-advanced 
shoot  and  needle  growth.  All  trees  were  rated  in  1 
day.  Terminal  dieback  was  noted  in  late  winter, 
and  late  spring  frost  damage  was  scored  3  days 
after  it  occurred.  Average  needle  length  was  com- 
puted from  measurements  of  five  needles  collect- 
ed from  lateral  branches  on  the  south  side  of  each 
tree.  Cones  were  counted  in  fall  1975. 

The  arrangement  of  seed  origins  in  the  accom- 
panying tables  is  by  geographic  area,  starting  on 
the  Pacific  Coast,  then  to  the  northern  Rocky 
Mountains,  central  Rockies,  and  southern 
Rockies.  The  dashed  line  that  separates  data  in 
the  tables  indicates  caution.  Few  trees  survived 
from  origins  listed  above  the  line;  hence  their  per- 
formance data,  though  included  here  for  compari- 
son, are  less  reliable  than  data  below  the  line. 


Results  and  Discussion 

Seedling  Survival 

Mortality  in  the  temporary  holding  beds  at 
Lincoln  was  76  percent  the  first  year.  At  the  end 
of  the  second  year  as  potted  seedlings,  total  mor- 
tality was  89  percent.  All  seedlings  of  origins 
from  coastal  western  Washington  and  Oregon 
had  died.  Very  few  of  the  seedlings  from  northern 
Idaho,  western  Montana,  eastern  Washington, 
and  Alberta,  Canada  origins  survived  after  3 
years  in  the  field  (table  1).  Survival  of  central  and 
southern  Rocky  Mountain  origins  was  20  percent, 
with  Arizona  and  New  Mexico  origins  consis- 
tently best. 

We  recognize  the  limitations  in  deriving  re- 
liable conclusions  from  performance  of  the  few 
surviving  trees  representing  the  northern  Rocky 
Mountain  and  coastal  sources.  These  are  delin- 
eated above  the  dashed  line  in  table  1.  In  retro- 
spect, we  attribute  the  excessive  mortality  in  all 
origins  during  the  first  2  years  in  the  holding  beds 
to  a  combination  of  factors: 

(1)  transplanting   very    small   seedlings  into 
heavy-textured  prairie  soil, 

(2)  lack  of  shading  and  wind  protection  during 
extremely  hot  and  cold  weather,  and 

(3)  lack  of  adequate  moisture  at  critical  times 
during  the  growing  season. 

Normally,  Douglas-fir  seedlings  are  protected 
from  extreme  insolation  and  wind  during  their 
first  few  years  in  Plains  nurseries.  Need  for  shad- 
ing very  small  seedlings  is  pointed  out  by  Ryker 
and  Potter  (1970)  in  an  Idaho  seed  spot  test, 
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Table  1 .--Douglas-fir  tested  in  an  eastern  Nebraska  field  plantation,  with  seed  origin,  survival  records,  and  height  growth,  1968-75 


Michigan 
State  Univ. 
Ori  gin 
No. 


State  or  Province  where  Lati- 
seed  originated  tude 


Longi - 
tude 


Elevation 


Seed! ings 


Height  growth 


°N 


ft 


Received  Failed1  Planted  Survived  M^"a™-  V-'V,  Plantati°n 
  1968-75    field  mean 


No. 


PACIFIC  COAST  (var.  menziesii  or  form  viridis) 


1619 

0REG 

Brooki  ngs 

42 

0 

124 

2 

162 

49 

60 

1613 

0REG 

Oakridge 

43 

7 

122 

5 

3000 

914 

60 

1622 

0REG 

Cottage  Grove 

43 

8 

1  C.S 

0 

675 

206 

30 

1585 

0REG 

Sisters 

44 

3 

121 

8 

3500 

1067 

50 

1618 

0REG 

Cascadia 

44 

4 

122 

7 

800 

244 

60 

1621 

0REG 

Molalla 

45 

2 

1 22 

2 

100 

30 

60 

1624 

0REG 

Jewel  1 

45 

8 

123 

4 

700 

213 

60 

1627 

WASH 

Shel ton 

47 

2 

123 

4 

320 

98 

60 

1623 

WASH 

Enumcl aw 

47 

2 

1  <Ll 

0 

1308 

399 

60 

1617 

WASH 

Granite  Falls 

48 

1 

122 

0 

600 

183 

30 

1620 

WASH 

Camano 

48 

2 

1  22 

3 

50 

15 

30 

1634 

VANC 

Cowichan  Lake 

48 

8 

1 24 

0 

600 

183 

30 

1645 

WASH 

Fish  Lake 

48 

6 

1 1 9 

7 

2000 

610 

fin 

1646 

WASH 

Buck  Mountain 

48 

4 

119 

8 

5000 

1524 

30 

NORTHERN  ROCKY  MOUNTAIN  (var.  glauca 

or  forms 

caesia 

and  glauca) 

1556 

WASH 

Curlew 

48 

9 

1 1 8 

8 

4100 

1250 

^n 

1651 

WASH 

Omak 

48 

6 

1 1 9 

5 

2500 

762 

fin 

1615 

IDAHO 

Coeur  d'Alene 

47 

7 

1 1 6 

8 

2400 

732 

30 

1588 

IDAHO 

Wal 1  ace 

47 

5 

1 1 6 

0 

3000 

914 

60 

1562 

IDAHO 

Clarkia 

47 

0 

1 1  6 

1 

4500 

1372 

^n 

1  573 

IDAHO 

Moscow 

46 

6 

1 1 6 

8 

2500 

762 

60 

1507 

MONT 

Libby 

48 

4 

115 

5 

3800 

1158 

30 

1517 

MONT 

Libby 

48 

4 

1 1  5 

2 

4000 

1219 

30 

1650 

MONT 

Whitefish 

48 

5 

114 

7 

3500 

1067 

30 

1519 

MONT 

Whitefish 

48 

4 

114 

7 

4000 

1219 

60 

1  521 

MONT 

Kalispell 

48 

2 

114 

5 

3000 

914 

60 

1 600 

MONT 

Spotted  Bear  RS 

48 

0 

1 1 3 

0 

3680 

1 122 

60 

1 61 6 

MONT 

St.  Regis 

47 

5 

115 

2 

4000 

1 21 9 

30 

1 603 

MONT 

St.  Regis 

47 

2 

114 

8 

5000 

1 524 

60 

1  649 

MUN  1 

Mi  ssoul a 

47 

0 

1  1  A 
1  1  4 

0 

3500 

1 067 

OU 

1504 

MONT 

Missoula 

47 

0 

1 1  3 

8 

6000 

1829 

60 

1520 

MONT 

Greenough 

46 

9 

1 1  3 

4 

4000 

1219 

60 

1506 

MONT 

Salmon  Lake 

47 

2 

1 1  3 

2 

5000 

1524 

60 

1539 

MONT 

Big  Prairie  RS 

47 

3 

1 1  3 

5 

4600 

1402 

30 

1518 

MONT 

Stevensvi 1 1  e 

46 

5 

114 

2 

4500 

1372 

'30 

1606 

MONT 

Butte 

46 

0 

112 

5 

6500 

1981 

30 

1595 

ALB 

Kananaski  s 

51 . 

0 

1 1  5 

0 

4500 

1372 
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x0rigins  failed  during  first  2  years  in  holding  beds. 

2Dashed  line  indicates  caution.  Few  trees  survived  from  the  origins  listed  above  the  line,  and  performance  data  are  less  reliable 
than  for  origins  listed  below  the  line. 
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where  70  percent  of  shaded  seedlings  survived, 
compared  to  only  33  percent  of  unshaded  seed- 
lings. Moreover,  planting  stock  for  use  in  the 
Plains  region  is  transplanted  after  seedlings  are  2 
years  old,  then  grown  another  2  years  in  the  nur- 
sery before  field  planting.  Past  experience  with 
Douglas-fir  in  the  Plains  has  shown  that  larger, 
well-balanced  stock  (2  +  1  or  2  +  2)  will  give  higher 
initial  survival  than  we  attained  in  our  study. 

Height  and  Growth  Rates 

Total  height  growth  (table  1)  was  inversely 
correlated  with  latitude;  trees  from  southern  ori- 
gins grew  faster  than  those  from  northern  origins. 
The  correlation  coefficient  using  origin  means 
was  r  =  -0.81;  however,  the  northern  origins 
showed  considerably  more  scatter  than  the  south- 
ern origins. 

Growth  curves  (fig.  2)  reveal  that  central  and 
northern  Rocky  Mountain  origins  grew  very 


slowly  for  5  to  6  years  after  planting,  but  have 
since  gradually  accelerated.  This  contrasts  with 
performance  of  various  pine  provenance  tests  in 
eastern  Nebraska,  which  showed  that  pines  nor- 
mally increase  their  growth  rate  in  the  third  year. 
At  first  the  Douglas-fir  planting  site  was  rather 
open  and  exposed,  but  as  the  juniper  filler  trees 
and  adjacent  field  tests  of  other  species  de- 
veloped, the  plantation  received  considerable  pro- 
tection from  wind  during  both  winter  and  sum- 
mer. 

All  New  Mexico  and  Arizona  origins  have 
grown  rapidly  since  planting.  Trees  from  Globe, 
Arizona  (origin  1545),  grew  fastest  through  1969, 
but  since  that  time  have  suffered  winter  injury 
and  repeated  loss  of  terminals.  Trees  from  Mt. 
Lemmon,  Arizona  (origin  1593),  surpassed  the 
Globe  source  and  are  now  the  tallest  origin  to 
date,  averaging  17.9  feet  after  11  years.  The  13 
trees  of  this  Mt.  Lemmon  source  range  in  height 
from  13.3  to  23.0  feet. 


i593  Mt  Lemmon,  Ariz. 


1594,1602  So,N.Mex. 
1545  Globe, Ariz. 


1610  Jemez,  N.Mex. 
1647  Long  Valley, Ariz. 


1525,1630  Sw.Colo. 


1611,1625  Utah, Ariz. 
1645,1646  No.Wash. 

1529,1532,1636  No.Colo. 

1507,1520,1539  Mont 
1600,1616,1649  Mom- 
1562,1588,1615  Idaho 


1595,1596  Alberta 


1648  So. Mont. 


1967     68       69       70       71  72 


73 


74 


75 


Figure  2.  — Height  growth  curves  for  Douglas-fir  origins  (some  grouped)  after  11  years  in  an  eastern  Nebraska  plantation. 


Foliage  Characteristics  and  Form 

Needle  lengths  varied  among  and  within  ori- 
gins (table  2),  but  showed  no  significant  corre- 
lation with  rate  of  height  growth  or  latitude.  The 
average  needle  length  of  most  southern  origins 
exceeded  the  plantation  mean,  however.  Many 
New  Mexico  and  Arizona  trees  had  bluish-green 
foliage,  but  none  of  these  origins  was  consistently 
blue  green,  as  reported  by  some  investigators. 
Northern  Rocky  Mountain  trees  invariably  had 
green  foliage.  Branch  angles,  foliage  densities, 
and  compactness  of  crowns  varied  considerably 
among  trees  within  the  same  origin.  A  number  of 
individual  trees  of  different  origins  have  excep- 
tional natural  form,  appearing  as  sheared  Christ- 
mas trees  (fig.  3). 


Cone  Production 

First  cones  were  observed  in  August  1975,  af- 
ter 11  years  in  the  field.  However,  no  staminate 
strobili  have  developed,  and  no  measure  of  seed 
production  or  viability  is  available. 

Of  the  Mt.  Lemmon,  Arizona  origin  1593,  6  of 
13  trees  had  cones  ranging  from  2  to  75  per  tree, 
with  a  median  of  7  to  8  cones  (table  2);  3  of  28 
trees  of  Jemez,  New  Mexico  origin  1610  had  3  to  6 
cones;  and  1  of  4  trees  of  Fish  Lake,  Washington 
origin  1645  had  13  cones.  Cones  were  produced 
only  on  the  taller  and  larger  crowned  trees  in  the 
plantation. 


Figure  3.— This  tree  (Meeker,  Colorado  origin  1532)  has  never 
been  sheared,  yet  displays  superior  natural  form  for  a  Christ- 
mas tree.  It  is  9  feet  tall  after  1 1  years. 


Table  2. --Douglas-fir  tested  in  an  eastern  Nebraska  field  plantation,  by  seed  origin:  Needle  length,  cone  production,  stage  of  spring 
growth  flush,    spring  frost  damage,  terminal  dieback,  and  the  distribution  by  progressive  stages  of  spring  growth  flush  on  May  9,  1974 


Michigan 
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2 
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'Rating:  1.0  =  latest  (no  development);  5.0  =  earliest  (advanced  growth). 

2NC  =  North  Central;  N  =  North;  W  =  West;  S  =  South;  SW  =  Southwest;  NW  =  Northwest;  C  =  Central. 

3Dashed  line  indicates  caution.  Few  trees  survived  from  the  origins  listed  above  the  line,  and  performance  data  are  less  reliable 
than  for  origins  listed  below  the  line. 


Spring  Growth  Flush 

Bud  burst  and  subsequent  shoot  and  needle 
development  showed  wide  variation  by  origin. 
New  shoot  and  needle  development  were  already 
well  advanced  on  most  Arizona  and  New  Mexico 
origins  before  many  of  the  northern  origins  broke 
dormancy  (table  2).  Colorado  origins  tended  to  be 
intermediate.  This  pattern  was  consistent  for  the 
3  years,  1974  through  1976,  although  different 
spring  temperature  patterns  in  1975  and  1976 
narrowed  the  range  of  rating  values. 

Munger  and  Morris  (1936)  recorded  similar 
bud  burst  activity  in  13  coastal  sources  of  Doug- 
las-fir west  of  the  Cascade  Range  and  extending 
over  only  3V2°  latitude  from  northern  Washing- 
ton to  central  Oregon.  Bud  burst  was  earliest  on 
the  southerly  and  low-elevation  sources,  and  lat- 
est on  those  of  northern  Washington. 

The  Nebraska  plantation  grew  for  11  years 
without  spring  frost  damage.  However  on  May  2, 
1976,  several  weeks  after  growth  had  started  on 
the  earliest  origins,  the  temperature  dropped  to 


25°  F  (-4°  C).  New  growth  at  the  tips  of  lateral 
branches  was  killed  on  many,  but  not  all,  trees  of 
southern  origins  (table  2).  Only  2  of  27  trees  of 
northern  Rocky  Mountain  origins  were  frosted, 
and  those  were  individuals  that  had  flushed.  In 
the  Colorado  and  Utah  origins,  30  of  51  trees 
showed  frost  damage.  The  heaviest  damage  oc- 
curred on  Arizona  and  northern  New  Mexico  ori- 
gins with  48  of  57  trees  frosted.  Although  the 
southern  New  Mexico  origins  from  Mayhill  and 
Cloudcroft  had  flushed  and  showed  considerable 
new  growth,  only  22  of  the  42  trees  were  frosted. 
Damage  to  new  growth  by  this  late  frost  appears 
temporary;  new  foliage  was  evident  4  days  after 
the  frost,  on  lateral  buds  which  had  not  flushed 
ear  Her. 

Steiner  and  Wright  (1975)  found  this  same  re- 
lationship in  a  Kellogg,  Michigan  plantation  at  12 
years'  age.  Arizona,  New  Mexico,  and  Colorado 
origins  flushed  early  and  were  highly  susceptible 
to  late  spring  frost,  whereas  origins  from  the 
northern  Rockies  of  western  Montana  and  north- 
ern Idaho  flushed  a  month  later  and  were  not  sus- 
ceptible. 
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These  observations  indicate  that  the  relation- 
ship between  Douglas-fir  phenology  at  this  Ne- 
braska latitude  (41°)  and  latitude  of  origin  is  the 
opposite  of  that  for  ponderosa  pine.  In  a  central 
Nebraska  nursery  experiment,  the  northern  ori- 
gins of  ponderosa  pine  seedlings  from  central  and 
eastern  Montana  began  spring  growth  several 
weeks  before  origins  from  New  Mexico  and 
Arizona.2 


Terminal  Dieback 

Difference  in  time  when  terminals  ceased 
growth  and  set  buds  were  not  measured.  How- 
ever, a  possible  result  of  such  differences  has  been 
dieback  of  the  terminals  on  44  trees  (about  44  per- 
cent) of  the  southern  origins  (table  2).  Every  Ari- 
zona and  New  Mexico  origin  showed  damage  on 
some  trees,  ranging  from  25  percent  for  Fredonia, 
Arizona  origin  1625  to  100  percent  of  Globe,  Ari- 
zona origin  1545.  This  dieback  did  not  begin  until 
the  trees  were  5  to  6  years  old,  and  averaged 
around  7  feet  tall.  Increased  exposure  of  tops  to 
winter  winds  may  increase  susceptibility,  as  it 
was  noted  that  dieback  increased  significantly 
during  the  first  winter  after  removal  of  the  juni- 
per filler  trees. 

Winter  dieback  has  not  yet  caused  mortality 
despite  its  recurrence  on  the  same  trees  in  succes- 
sive winters.  Strong  lateral  branches  grow  into 
dominant  terminals  the  following  growing  sea- 
sons (fig.  4).  Edgren  (1970)  found  a  similar  pattern 
with  2+0  Douglas-fir  seedlings  in  a  Washington 
experiment.  He  selected  undamaged  seedlings 
and  paired  them  with  frost-damaged  seedlings  at 
Wind  River  nursery.  No  seedlings  died,  but  frost- 
damaged  seedlings  developed  multiple  tops.  His 
data  suggested,  however,  that  the  percentage  of 
trees  with  multiple  tops  decreases  and  that  these 
effects  do  not  persist. 

Trees  of  southern  origins  apparently  do  not 
cease  growth  early  enough  to  avoid  frost  damage 
in  late  fall.  This  agrees  in  part  with  Wright  et  al. 
(1971)  who  found  that,  among  interior  origins 
growing  in  Michigan  and  Pennsylvania  nurseries, 
southern  origins  set  buds  latest,  and  therefore 
were  winter  damaged,  while  northern  origins  set 
buds  earliest  and  were  not  injured.  Campbell  and 
Sorensen  (1973)  found  this  same  relationship 
among  West  Coast  origins  of  Douglas-fir,  cover- 


r  I 


2 Read,  R.  A.  Genetic  variation  in  3-year-old  seedlings  of  80 
provenances  of  ponderosa  pine.  (Unpublished  manuscript  on 
file  at  Rocky  Mt.  For.  and  Range  Exp.  Stn.,  Lincoln,  Nebr.) 


Figure  4.—  A  tree  from  Long  Valley,  Arizona 
origin  1647  shows  recovery  from  terminal 
dieback  which  occurred  the  previous  winter. 


ing  only  a  spread  in  latitude  of  5  °  from  southern 
Oregon  to  northern  Washington.  In  well-estab- 
lished southern  Michigan  plantations,  however, 
winter  damage  to  Arizona  and  New  Mexico  ori- 
gins has  not  been  appreciable  (Wright,  personal 
communication) . 


Recommendations 

This  provenance  test  indicates  that  Pacific 
Coast  origins  of  Douglas-fir  (var.  menziesii)  can- 
not survive  Nebraska  winters,  and  therefore 
should  not  be  planted  here.  The  interior  (Rocky 
Mountain)  origins  (var.  glauca)  exhibit  large  var- 
iations in  survival,  growth,  and  susceptibility  to 
cold  that  are  strongly  correlated  with  latitude  of 
origin.  Of  the  northern  Rocky  Mountain  origins 
tested,  most  survived  poorly,  grew  slowly,  and 


8 


thus  are  not  recommended  (fig.  5).  Central  Rocky 
Mountain  origins  have  average  survival  and 
growth,  yet  are  not  affected  by  low  temperatures. 
Southern  Rocky  Mountain  origins  survive  well 
and  grow  very  fast,  but  individual  trees  may  suf- 
fer cold  injury. 

Major  uses  of  this  species  in  the  central  Great 
Plains  are  for  ornamental  plantings  and  for 
Christmas  trees.  The  slower  growing,  but  winter- 
hardy  central  Rocky  Mountain  origins  may  prove 
most  successful  for  ornamental  plantings  in  the 
long  run.  The  Durango,  Colorado  origin  1525, 
which  has  above  average  survival,  medium 
growth,  and  no  winter  damage,  is  well  adapted  for 
landscape  plantings,  greenbelts,  and  roadside 
parks.  Central  Rocky  Mountain  origins  could  be 
used  for  windbreaks,  but  are  not  recommended 
because  faster  growing  species  of  pine  and  juniper 
are  available  for  those  purposes. 

Southern  Rocky  Mountain  origins  are  best 
suited  for  Christmas  trees  because  they  grow 
faster  and  have  bluer  foliage  (fig.  6).  Mt.  Lemmon, 
Arizona  origin  1593  and  Mayhill,  New  Mexico 


1602  are  recommended  for  Christmas  tree  grow- 
ers in  eastern  Nebraska.  These  trees  averaged  6 
feet  tall  after  only  5  years  in  the  test  plantation. 
Crowns  were  dense  and  compact  despite  rapid 
growth.  These  fast-growing  but  cold-susceptible 
origins  should  only  be  used  in  combination  with 
other  conifers,  however.  When  protection  from 
wind  is  provided,  these  origins  are  considered  a 
safe  investment  for  a  short-rotation  crop.  In  se- 
lecting plantation  sites  it  is  therefore  essential  to 
avoid  ( 1 )  frost  pockets  where  spring  frost  damage 
could  occur,  and  (2)  windswept  areas  where  ter- 
minal dieback  could  be  serious. 

Douglas-fir  can  be  grown  with  greatest  suc- 
cess in  eastern  Nebraska,  although  with  irriga- 
tion it  probably  can  be  grown  farther  west  in  the 
State.  For  maximum  survival,  planting  stock 
should  have  at  least  8  to  12  inches  top  height  and 
a  well-balanced  top-root  system;  such  stock  will 
normally  be  2  +  1  or  2  +  2  age  class  from  the  best 
nurseries.  Container  stock  of  less  age  may  be 
satisfactory,  but  research  results  are  not  yet 
available. 


Figure  5.— After  11  years  in  the  plantation,  this  tree  from  northern  Idaho 
origin  1562  was  less  than  5  feet  tall. 
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Figure  6.— Trees  from  Mt.  Lemmon,  Arizona  origin  1593  (A)  and  Mayhill,  New  Mexico  origin  1602  (B)  illustrate  the  tallest  ori-  , 
gins  after  11  years  in  the  plantation.  These  origins  produced  many  trees  with  excellent  form  as  shown  here. 
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